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Description 
BACKGROUND ART 

[0001] The present invention is directed to a flow con- 5 
trol valve assembly, and more particularly to such a 
valve utilizing a shape memory alloy wire for varying a 
valve opening for regulation of a fluid flow. 

FIELDS OF THE INVENTION 

[0002] US 4,973,024 A and JP 02-008573 A disclose 
prior art flow control valves using a shape memory alloy 
wire for regulating a fluid flow. The valve comprises a 
barrel with an axial bore, a valve seat in the axial bore, 
and a valve body axially movable within the bore relative 
to the valve seat to vary a valve opening formed be- 
tween the valve body and the valve seat. Formed within 
the barrel is an internal flow path extending from an inlet 
to an outlet through the valve opening. The shape mem- 
ory alloy wire bridges between the valve body and the 
barrel and is connected to an electrical source in order 
to be heated in a controlled manner, undergoing thermal 
deformation along its length. The deformation or varying 
length of the wire causes the valve body to move against 
a spring bias in a direction of increasing or decreasing 
the valve opening for regulation of the fluid flow. In this 
known valve, the wire extends within the axial bore of 
the barrel with its opposite ends connected respectively 
to the valve body and the barrel and therefore must be 
connected to the electric source by way of the valve 
body as well as the barrel. Thus, the valve body and the 
barrel are required to be made of an electrically conduc- 
tive material, which reduces design flexibility. In addi- 
tion, the yalve body and the barrel might form an addi- 
tional electrical path other than through wire or might fail 
to establish a constant electrical path only through the 
wire not influenced by the movement of the valve body. 

In this event, the wire could be heated In an uncontrolled 
manner so as to result in a failure of reliably regulating 
the fluid flow. Further, since the wire extends through 
the internal fluid path, the wire will be thermally affected 
by the fluid passing through the path so that the wire 
suffers from unintended thermal deformation, which 
eventually leads to unreliable regulation of the fluid flow. 
[0003] These problems could be eliminated in a flow 
control valve proposed in JP 61-103081 A. The valve 
comprises a barrel with an axial bore, a valve seat fixed 
in the axial bore, and a valve body axially movable within 
the barrel to vary a valve opening defined between the 
valve body and the valve seat. The barrel is formed with 
an inlet and an outlet which are communicated through 
the valve opening to establish an internal flow path with- 
in the barrel. A like shape memory alloy wire is provided 
for connection of the valve body to the barrel in order to 
vary the valve opening in response to a controlled heat- 
ing of the wire. In this valve, the wire Is wound round a 
portion of the valve body and is physically fixed at its 



opposite ends to the barrel, while the wire is electrically 
connected to an electrical source through terminals at 
the opposite ends of the wire. Thus, the wire can be di- 
rectly connected to the electrical source without passing 
through the valve body and the barrel, thereby assuring 
reliable control of regulating the fluid flow by the use of 
the wire. However, there still remains a problem that the 
wire winding round the valve body within the axial bore 
adds an extra axial length to a structure of the valve body 
and the valve seat arranged axially along the barrel, 
which Is a hindrance to give a fully-compacted design 
to the flow control valve using the shape memory alloy 
wire. This size problem becomes more critical as the 
length of the wire is required to be greater for obtaining 
an Increased amount of linear deformation of the wire 
available for the control of the valve opening. 

[0004] US 5 345 963 A, which has been used to for- 
mulate the preamble part of patent claim 1 , discloses an 
electrically controlled modulating pressure regulator in 
which a main valve regulates the fluid flow between an 
inlet and an outlet in response to a control pressure pro- 
duced by a servo valve which is responsive to the outlet 
pressure and the force applied by a regulator spring to 
a diaphragm carrying the servo valve closure elernent. 
Deformation of the regulator spring can be varied by an 
electrical actuator in the form of a wire segment of a 
shape memory alloy through which electric current can 
be passed to vary its temperature and length. 

DISCLOSURE OF THE INVENTION 

[0005] In view of the above problems, the present in- 
vention has been achieved to provide an improved fluid 
control valve which could be made compact, while re- 
taining a reliable fluid flow regulation by the use of a 
shape memory alloy wire. The fluid control valve assem- 
bly as defined in claim 1 comprises a barrel having an 
axial bore within which an Internal flow path for a fluid 
is formed to extend from an inlet to an outlet. A base 
member is disposed at one axial end of the barrel, while 
a valve body is held in the other axial end of the barrel. 
The valve body Is cooperative with the base member to 
define therebetween a valve- op^ening in the course of 
the internal flovy path. The valve body is axially movable 
towards and away from the base member to vary the 
valve opening for regulating the flow of the fluid through 
the internal flow path. A bias spring Is provided to urge 
the valve body for varying the valve opening In one di- 
rection. At least one shape memory alloy wire connects 
the valve body to the barrel to exert, in response to ther- 
mal deformation of the wire, a force of moving the valve 
body against the bias spring to vary the valve opening. 
The wire Is formed on its opposite ends with terminals 
by which the wire is connected to an electrical source 
for heating the wire to give the thermal deformation. The 
barrel is provided with at least one anchor member for 
engaging with one end of the wire and the valve body is 
provided with more than one catch member for engag- 
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ing with other portions of said at least one wire. The an- 
chor member is disposed on the exterior of the barrel 
and at such a portion that the wire stretches between 
the barrel and the valve body exteriorly of the barrel in 
an overlapping relation with a major portion of the barrel 
along the axial length thereof. Because of the above 
spatial arrangement of the anchor member, the wire can 
be kept substantially away from the internal flow, path 
formed within the barrel. Whereby, the wire has a less 
chance of being exposed to the fluid flow and conse- 
quently a less chance of being thermally affected by the 
fluid flow so as to give a reliable regulation of the fluid 
flow based upon a controlled thermal linear deformation 
of the wire. Further, since the wire overlaps with the ma- 
jor portion of the barrel along the axial length thereof, 
the entire valve can have a reduced axial dimension and 
be. therefore made compact enough to be installed in a 
limited space. 

[0006] Accordingly, it is a primary object of the present 
invention to provide a flow control valve which is capable 
of realizing a reliable regulation of the fluid flow and at 
the same time of being made compact. 

[0007] In a preferred embodiment of the present in- 
vention, the barrel is provided with a pair of the anchor 
members for securing the opposite ends of the wire, and 
the valve body is provided with a pair of the catch mem- 
bers. The wire is wound round the catch members with 
the opposite ends of the wire fixed to the anchor mem- 
bers. Thus, the wire can stretch over the valve body in 
an elongated length to give a correspondingly increased 
amount of linear deformation within a limited axial length 
of the barrel, thereby giving an increased range of move- 
ment of the valve body per a limited temperature varia- 
tion range. 

[0008] It is therefore another object of the present in- 
vention to provide a flow control valve which is capable 
of giving control over a wide range of valve opening in 
relation to a limited temperature variation range. 

[0009] The catch members are formed of a different 
material from the valve body and are selected to have 
a thermal conductivity less than that of the valve body. 
The catch members can project from the valve body so 
that the wire wound around the catch members is kept 
spaced from the valve body. Thus, the wire is prevented 
from the leakage of the heat developed in the wire to the 
valve body, assuring a consistent control of thermal de- 
formation the wire for reliable regulation of the fluid flow. 
[001 0] Preferably, the base member is threaded ly en- 
gaged with the barrel in order to vary an axial position 
of the base member relative to the valve body for ad- 
justing the valve opening. 

[001 1] A seal ring is attached to the valve body and 
comes into tight contact with the base member to close 
the valve opening when the valve body moves close to 
the base member, thereby closing the valve opening 
successfully. 

[0012] In a preferred embodiment, the barrel is 
formed with a pair of wire guides In addition to the anchor 



members so that the wire is wound round the guides as 
well as the catch members to extend around the barrel 
and the valve body by one complete turn. Thus, the wire 
can stretch in an elongated length for increasing the 
5 range of linear, deformation of the wire and therefore the 
range of variation of the valve opening even with the 
valve of the limited axial length. 

[0013] A plurality of turnaround members may be 
formed on the valve body in addition to the anchor mem- 
ber so that the wire passes round the turnaround mem- 
bers between the opposite ends thereof. The turna- 
round members are spaced circumferentially around the 
barrel. With this result, the wire can be folded a number 
of times in such manner as to stretch axially and circum- 
ferentially of the barrel for elongation of the wire to give 
a maximum range of linear deformation to the wire. 
[0014] Further, the barrel may be formed with a retain- 
er extension which receives therearound the coil spring 
embodying the bias spring in such a manner as to isolate 
the coil spring from the base member threadedly en- 
gaged with the barrel. The coil spring thus isolated from 
the base member is therefore kept intact from the axial 
movement of the base member, thereby ensuring an 
easy adjustment of the valve opening without varying a 
biasing force of spring. 

[0015] The barrel may be formed in its outer surface 
with a groove for passing therethrough the wire in order 
to protect the wire within the barrel for reliable regulation 
of the fluid flow by the wire. 

[001 6] Further, the barrel may include a protective ex- 
tension which extends axially outwardly beyond the 
valve body for preventing the valve body from interfering 
with surroundings. 

[0017] The valve may include a stopper for limiting a 
rotation of the valve body relative to the barrel about an 
axis of the barrel in order to prevent the wire from being 
twisted or warped during the repeated movement of the 
valve body, therefore ensuring a consistent flow control 
over a long period of use. 

[0018] In addition, the valve may also include a re- 
strictor which restricts the axial movement of the valve 
body relative to the base member within a predeter- 
mined range in order to prevent unduly high stress ap- 
plied to the wire which would otherwise occur when the 
valve body is moved away from the base member be- 
yond a certain limit under the urgence of the bias spring. 
Thus, the wire is protected from undergoing permanent 
deformation due to such high stress applied In the ab- 
sence of the restrictor. 

[0019] Preferably, the outlet is formed in the valve 
body and opens to the exterior of the valve body at a 
portion staggered with the wire passing over the valve 
body. The outlet communicates with the valve opening 
through an axial path formed between the valve body 
and the barrel. Thus, the wire can be intact from the fluid 
being discharged outward through the outlet and can be 
therefore prevented from being thermally affected by the 
fluid flow. 
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[0020] These and still other objects and advanta- 
geous features of the present invention will become 
more apparent from the following description of the pre- 
ferred embodiments when taken in conjunction with the 
attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0021 ] 

FIG. 1 is an exploded perspective view of a flow 
control valve in accordance with a first embodiment 
of the present invention; 

FIG. 2 is a sectional view of the valve of FIG. 1 ; 
FIG. 3 is a perspective view of a flow control valve 
in accordance with a second embodiment of the 
present invention: 

FIG. 4 Is a perspective view of a flow control valve 
in accordance with a third embodiment of the 
present invention; 

FIG. 5 is an exploded perspective view of the valve 
of FIG. 4; 

FIG. 6 is a perspective view of a flow control valve 
in accordance with a fourth embodiment of the 
present invention; 

FIG. 7 is an exploded perspective view of a flow 
control valve in accordance with a fifth embodiment 
of the present invention; 

FIG. 8 is a sectional view of the valve of FIG. 7; 
FIG. 9 Is a sectional view illustrating a modification 
of the above fluid control valve; 

FIG. 10 Is an exploded perspective view of a flow 
control valve in accordance with a sixth embodi- 
ment of the present invention; 

FIG. 11 is a sectional view of the valve of FIG. 10; 
FIG, 12 is a perspective view of the valve of FIG. 
10; and 

FIG. 1 3 is a sectional view of a fluid control valve In 
accordance with a seventh embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0022] A fluid control valve of the present invention is 
utilized in a device, for example, a blood pressure mon- 
itoring device to discharge air from an occluding cuff at 
a controlled rate for determination of a systolic and di- 
astolic pressure. 

First Embodiment <FIGS. 1 and 2> 

[0023] Referring to FIGS. 1 and 2. there Is shown a 
flow control valve In accordance with a first embodiment 
of the present invention. The valve comprises a barrel 
10 of an electrical insulative plastic material having an 
axial bore 11, a base member 20 in one end of an axial 
bore 11, and a valve body 30 slidably fitted in the other 
end of the axial bore. The base member 20 is threadedly 



engaged with the interior of the barrel 10 to be capable 
of adjusting its axial position within the barrel 10, and is 
formed integrally with a conduit 21 and a retainer exten- 
sion 26 extending axially in opposite directions to each 
5 other. An orifice 22 is formed centrally in the base mem- 
ber 20 and communicates with an inlet 23 formed at the 
outer end of the conduit 21. The conduit 21 Is formed at 
its outer end with a slit 25 which is adapted In use to 
receive a tool, i.e. a tip of a screwdriver for the axial ad- 
10 justment of the base member 20. 

[0024] The valve body 30 is in the form of a shaft sli- 
dably received within a retainer extension 26 and is 
formed on Its inner axial end with a stem 31 which 
projects Into the orifice 22 of the base member 20 to 
15 define, between the stem and the base member, a valve 
opening which varies in response to the axial movement 
of the valve body 30 relative to the base member 20. 
The valve body 30 is formed in its outer surface with a 
set of circumferentially spaced and axially elongated 
slits 32 which extend from the valve opening to an outlet 
34 formed between an end plate 33 and the adjacent 
end of the barrel 10. Thus, an internal flow path is formed 
to extend from the inlet 23 at the outer axial end of the 
base member 20 through the valve opening to the outlet 
34. The valve member 30 is molded from an electrically 
insulative plastic material to integrally include the end 
plate 33 having a diameter greater than the axial bore 
11. A seal ring 46 is fitted around a foot of the stem 31 
so as to come into tight contact with a valve seat formed 
on an inner axial end of the base member 20 around the 
periphery of the orifice 22, when the valve body 30 
moves close to the base member 20, thereby closing 
the valve completely. 

[0025] A coil spring 50 is fitted around the retainer ex- 
tension 26 and is compressed between the base mem- 
ber 20 and the end plate 33 of the valve body 30 in order 
to bias the valve body 30 away from the base member 
20, i.e., in a direction of increasing the valve opening for 
an increased fluid flow through the flow path. In this 
sense, the valve is of a normally open type. The valve 
body 30 is connected to the barrel 1 0 by means of wires 
60 tightly stretched therebetween. The wire is made of 
a shape memory alloy whicKhas an original length and 
is deformed to have a greater length so that it recovers 
to the original length when heated. That is. the wire 60 
will shrink when heated to. thereby move the valve body 
30 inward against the bias of the spring 50 in a direction 
of closing the valve opening. The shape memory alloy 
is made of, for example, Ti-Ni, Ti-Ni-Cu, or Ti-Ni-Co. As 
best shown in FIG. 2, each of the wires 60 is secured at 
its opposite ends to a pair of anchor members 1 2 mount- 
ed on the barrel 10 at one axial end adjacent the base 
member 20 and spaced circumferentially by 180°, and 
is wound round a pair of diametrically opposed catch 
members 35 formed at the periphery of the end plate 33 
of the valve body 30. The anchor member 12 is in the 
form of a stud with a slit 14 in which the end of the wire 
60 is fitted and is staked therein. In addition, the wire 60 
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is formed at its opposite ends with terminals 61 for con- 
nection to an electrical source through a control unit 70. 
The two wires 60 are connected in series by way of a 
conductor 62 across the electrical source to allow a cur- 
rent to flow In a manner controlled by the control unit 70. 
[0026] The control unit 70 includes a PWM controller 
to vary a duty ratio of an electric current being fed to the 
wire 60 in order to control an amount of Joule heat 
evolved in the wire and therefore a corresponding 
amount of linear deformation of the wire for varying the 
valve opening, i.e., the amount of flow of the fluid 
through the valve. In this embodiment, the valve Is con- 
trolled to decrease the amount of flow continuously to 
the entirely closed condition. 

[0027] Each of the catch members 35 Is In the form of 
a pin extending between a pair of brackets 36 integrally 
formed with the end plate 33 and Is made of a material 
having less thermal conductivity than the valve body 30 
as well as having a low coefficient of friction, for mini- 
mizing the heat transfer from the wire to the valve body 
as well as achieving smooth engagement of the wire 
with the valve body. The end plate 33 Is formed in its 
outer surface with grooves 37 each communicating at 
its opposite ends to a concavity in which the pins 35 ex- 
tend between the brackets 36, so that each wire 60 
passes through the grooves 37 in such a manner as to 
be protected from contacting the surroundings, In addi- 
tion to being out of contact relation with the end plate 33. 
[0028] it is noted here that the base member 20 may 
be molded integrally with the barrel 10 to be a fixed 
member with respect to the barrel. 

Second Embodiment <FIG. 3> 

[0029] FIG. 3 illustrates a fluid control valve in accord- 
ance with a second embodiment of the present invention 
which is similar in construction and operation to the first 
embodiment except that a single wire 60A is employed 
to move the valve body 30A. Like parts are designated 
by like numerals with a suffix letter **A". The barrel 10A 
is formed at its one axial end with a pair of diametrically 
spaced anchor members 12A each having two slits, one 
being an anchor slit 14A for securing the end of the wire 
and the other being a guide slit 15 for passing the wire 
therethrough. The end plate 33A of the valve body is 
formed with a corresponding set of diametrically spaced 
catch members 35A in the form of pins. The single wire 
60A winds round the pins 35A and also the guide slits 
15 so as to stretch around the barrel 10A and the valve 
body by one complete turn. Thus, the wire can stretch 
in an elongated length over the valve to give a corre- 
sponding increase in the amount of thermal deformation 
available for movement of the valve body. 

Third Embodiment <FIGS. 4 and 5> 

[0030] FIGS. 4 and 5 Illustrate a fluid control valve in 
accordance with a third embodiment of the present In- 



vention which is similar to the second embodiment ex- 
cept that the single wire 60B is folded several times to 
extend circumferentially around the barrel 10B while 
stretching between the barrel 10B and the valve body 
5 30B. Like parts are designated by like numerals with a 

suffix letter "B". The anchor member 12B having two 
slits 14B is provided on the barrel 10B at one axial end 
adjacent to the end plate 33B of the valve body 30B for 
securing the opposite ends of the wire 60B at the re- 
10 spective slits 14B. In addition, the barrel 10B is formed 
with four main turnaround pins 17 at the axial end away 
from the end plate 33B and with one auxiliary turna- 
round pin 18 at the other axial end adjacent the end plate 
33B and diametrically opposite of the anchor member 
15 12B. The end plate 33B is formed with a pair of catch 
members in the form of pins 35B which are diametrically 
opposed to each other and are angularly spaced by 90° 
about the axis of the barrel from the anchor member 1 2B 
and the pin 18. Thus, the wire 60B winds round the pins 
35B of the end plate 33B as well as the turnaround pins 
17 and 18 with the opposite ends fixed to the anchor 
member 12B. With this result, the wire can stretch be- 
tween the barrel and the valve body in an elongated 
length to thereby give a correspondingly Increased 
amount of linear deformation of the wire available for 
controlling the valve opening. 

Fourth Embodiment <FIG, 6> 

[0031] FIG. 6 Illustrates a fluid control valve in accord- 
ance with a fourth embodiment of the present invention 
which is similar to the third embodiment except that the 
single wire 60C extends doubly around the barrel IOC. 
Like parts are designated by like numerals with a suffix 
letter ”C". The barrel IOC is formed with four main turn- 
around pins 17C projecting at one axial end away from 
the end plate 33C of the valve body 30C and evenly 
spaced circumferentially around the barrel 1 0C and also 
with four auxiliary turnaround pins 18C projecting at the 
other axial end adjacent the end plate 33C and evenly 
spaced circumferentially around the barrel. All of the 
main turnaround pins 17C and one auxiliary turnaround 
pin 18C are formed respectively with double-channels 
each passing the wire 60C therethrough. The remaining 
three of the auxiliary turnaround pins 18C are formed 
only with a single channel and are referred to as single- 
channel pins. Thus, the wire 60C starting from the an- 
chor member 12C passes through in the order of the 
inner channel of a first main pin 17C1, the first single- 
channel auxiliary pin 18C1, inner channel of the second 
main pin 1 7C2, inner channel of the second auxiliary pin 
1 8C2, inner channel of the third main pin 1 7C3, the third 
single-channel auxiliary pin 18C3, inner channel of the 
fourth main pin 17C4, the fourth single-channel auxiliary 
pin 18C4, then the outer channel of the first main pin 
1 7C1 , the catch member 35C of the end plate 33C, outer 
channel of the second main pin 17C2, outer channel of 
the second auxiliary pin 1 8C2, outer channel of the third 
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main pin 1 7C3, catch member 35C of the end plate 33C, 
and the outer channel of the fourth main pin 17C4, and 
returns to the anchor member 12C. With this elongated 
route, the wire 60C is given a further increased amount 
of the linear expansion available for moving the valve 
body 30C, thereby enhancing response sensitivity of the 
valve opening relative to a limited range of the controlled 
temperature range for heating the wire. 

Fifth Embodiment <FIGS. 7 and 8> 

[0032] FIGS. 7 and 8 illustrate a fluid control valve in 
accordance with a fourth embodiment of the present in- 
vention which is similar to the first embodiment except 
that two wires 60D are utilized to connect the barrel 10D 
and the valve body 30D at the opposite ends of each 
wire. Like parts are designated by like numerals with a 
suffix letter ”D”. To this end. the end plate 33D of the 
valve body 30D is formed with the catch members 35D 
each in the form of the stud with a slit 39 for securing 
one end of each wire 60D. Each wire 60D is formed at 
its opposite ends with terminals 61 D, one for connection 
with the electrical source through the like control unit 
and the other for series connection with the complemen- 
tary wire GOD through a conductor 62D routed in a like 
groove 37D In the outer surface of the end plate 33D. In 
this embodiment and the other embodiments disclosed 
herein, the terminals 61 D are configured to prevent the 
wire from disengaging from the associated anchor 
members 12D when the wire is caused to shrink for mov- 
ing the valve body axially inward against the bias of the 
coil spring 50. 

Modification <FIG. 9> 

[0033] Fig. 9 illustrates a modification of the first em- 
bodiment which is similar to the first embodiment except 
that the orifice 22E Is formed In the valve body 30E rath- 
er than in the base member 20E and the stem 31 E 
projects on the base member 20E into the orifice to de- 
fine the gap opening therebetween. The orifice 22E 
communicates through the conduit 21 E in the valve 
body 30E with the inlet 23E at the outer end of the end 
plate 33E of the valve body 30E. Thus, the internal flow 
path is formed from the inlet 23E through conduit 21 E, 
orifice 22E, slit 32E In the circumference of the valve 
body 30E, and to an outlet 34E between the axial end 
of the barrel 10E and the end plate 33E. Like parts are 
designated by like numerals with a suffix letter "E". Op- 
eration of the modified flow control valve is the same as 
that of the first embodiment and is deemed unnecessary 
to repeat herein. 

Sixth Embodiment <F1GS. 10 to 12> 

[0034] FIGS. 10 to 12 illustrate a fluid control valve in 
accordance with a sixth embodiment of the present in- 
vention which is similar to the first embodiment except 



that the single wire 60F is employed and concealed in 
grooves 16 formed in the outer surface of the barrel 1 0F 
and that the barrel 10F is Integrally formed with a retain- 
er extension 38 for receiving therearound the coll spring 
5 50F and receiving therein the valve body 30F. Like parts 

are designated by like numerals with a suffix letter ”F". 
The groove 1 6 extends substantially along the entire ax- 
ial length of the barrel 10F and communicates with the 
groove 37F in the end plate 33F so that the wire 60F is 
received entirely within a concave part of the valve body 
so as not to interfere with external parts or components 
of a device in which the flow control valve is installed. 
The wire 60F is wound round the like catch members In 
the form of pins 35F on the end plate 33F with the op- 
posite ends of the wire 60F secured to the like anchor 
members 12F on the barrel 10F. The wire 60F is formed 
at its opposite ends with the like terminals 61 F for con- 
nection with the electric source through a like control 
unit 70F so as to heat the wire In a controlled manner 
for regulation of the valve opening. Further, the barrel 
10F includes a protective extension 19 which extends 
axially beyond the end plate 33 F of the valve body 30F 
for protecting the end plate 33F from interfering with the 
external parts or components of the device. 

[0035] In addition, the valve body 30F includes fingers 
40 which extend integrally from the end plate 33F into 
the groove 16 of the barrel 10F in such a manner as to 
prevent the valve body 30F from rotating relative to the 
barrel 10F about the axis thereof, thereby avoiding the 
otherwise warping of the wire during the repeated move- 
ment of the valve body. The fingers 40 are further formed 
with latches 41 which fit loosely in axially elongated re- 
cesses 42 in the outer surface of the barrel 10F in order 
to restrict the axial movement of the valve body 10F. 
With the engagement of the latches 41 to one axial end 
of the recess 42, the valve body 30F is protected from 
moving further axially outwardly by the urgence of the 
spring 50F, thereby protecting the wire from suffering 
undue force from the spring which would otherwise 
cause undesired permanent deformation to the wire. It 
is noted in this connection that the like fingers 40 or 
equivalent members may be alternately formed on the 
side of the barrel and are cooperative associated 
grooves or recess to realize the'above effect of prevent- 
ing the relative rotation of the valve body to the barrel 
and of restricting the axial movement of the valve body. 
[0036] In the present embodiment, the coil spring 50F 
fits around the retainer extension 38 in an out of contact 
relation with the base member 20F, the coil spring 50F 
receives any external force when adjusting the axial po- 
sition of the base member relative to the valve body, 
thereby giving a consistent biasing force not influenced 
from the varying position of the base member for reliable 
control of the valve. Further, the end plate 33F is formed 
with the outlets 34F which extend through the end plate 
in fluid communication respectively with the slits 32F in 
the outer surface of the valve body 30F to discharge the 
fluid mainly out of the outlets 34F. The outlets 34F are 
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staggered, i.e., angularly spaced from the wire 60F 
passing through the groove 37F of the end plate 33F, 
thereby minimizing the chance of exposing the wire 60F 
to the fluid flow. With this result, the wire 60F is kept 
thermally unaffected substantially by the fluid flow to 
give a reliable regulation of the fluid based on the tem- 
perature control of the wire. 

Seventh Embodiment <FIG. 13> 

[0037] FIG. 13 illustrates a fluid control valve in ac- 
cordance with a seventh embodiment of the present in- 
vention which is similar to the fifth embodiment except 
that the wire 60G is selected to have a characteristic of 
expanding its length when heated and that the coil 
spring 50G is arranged to exert a force of pulling the 
valve body 30G towards the base member 20G. Like 
parts are designated by like numerals with a suffix letter 
"G". The wire 60G stretches between the barrel 1 0G and 
the valve body 30G against the bias of the spring 50G 
so as to move the valve body 30G when heated to in- 
crease the valve opening, in an opposite sense to the 
above embodiments and modification. To this end, the 
wire 60G is formed at opposite ends with tension stop- 
pers 63 at positions respectively inwardly of the anchor 
member 12G and the catch member 35G. The shape 
memory alloy wire GOG is selected to have a large di- 
ameter sufficient to achieve the above characteristics of 
expanding when heated. The two wires GOG are con- 
nected In series by the like conductor 62G. 



Claims 

1. A flow control valve assembly comprising: 

a barrel (10) having an axial bore (11) within 
which an internal flow path for a fluid is formed 
to extend from an inlet (23) to an outlet (34); 

a base member (20) disposed at one axial end 
of said barrel, 

a valve body (30) held in the other axial end of 
said barrel, said valve body being cooperative 
with said base member to define therebetween 
a valve opening in the course of said internal 
flow path, said valve body being axially mova- 
ble towards and away from said base member 
to vary said valve opening for regulating the 
flow of the fluid through said internal flow path; 

a bias spring (50) which urges said valve body 
for varying said valve opening in one direction; 

at least one shape memory alloy wire (60) 
which connects said valve body to said barrel 
to exert, in response to thermal deformation, a 



force of moving said valve body against said 
bias spring to vary the valve opening, said wire 
formed on its opposite end with terminal (61 ) by 
which the wire is connected to an electrical 

5 source for heating said wire to give said thermal 

deformation; 

said barrel being provided with at least one an- 
chor member (1 2) for engaging with one end of 

10 said at least one wire; 

characterized in that 

said valve body is provided with more than one 

15 catch member (35) for engaging with other por- 

tions of said at least one wire; and 

said anchor member (1 2) is disposed on the ex- 
terior of said barrel and at such a portion that 

20 said wire stretches between said barrel and 

said valve body exteriorly of said barrel to over- 
lap with a major portion of said barrel along the 
axial length of said barrel. 

k 

25 2. Theflowcontrol valve assembly as set forth in claim 
1, wherein said barrel (10; 10A; 10B; IOC; 10E; 
1 0F) is provided with a pair of said anchor members 
(12; 12A; 12B; 12C; 12E; 12F) for securing opposite 
ends of said at least one wire (60; 60A; 60B; 60C; 

30 60E; 60F), said valve body provided with a pair of 

said catch members (35; 35A; 35B; 35C; 35E; 35F) 
with respect to said at least one wire so that said 
wire is wound round said catch members with the 
opposite ends of said wire fixed to said anchor 

35 members. 

3. The flow control valve assembly as set forth in claim 
1, wherein two wires (60D; 60G) are fixed at their 
opposite ends respectively with said anchor mem- 

40 bers (12D; 12G) and said catch members (35D; 
35G) so as to stretch therebetween. 

4. The flow control valve assembly as set forth in claim 
1 , wherein said catch members have a thermal con- 

45 ductivity less than that of said valve body. 

5. The flow control valve assembly as set forth in claim 
1 , wherein said base member (20) is threadedly en- 
gaged with said barrel (10) in order to vary an axial 

50 position of the base member relative to said valve 
body for adjusting said valve opening. 

6. The flow control valve assembly as set forth in claim 
1, wherein said base member (20) is formed with a 

55 retainer extension (26) around which said bias 
spring (50) in the form of a coil spring fits. 

7. The flow control valve assembly as set forth in claim 
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1 , wherein said vaive body (30) is provided with a 
seal ring (46) which comes into tight contact with 
said base member (20) to close said valve opening 
when said valve body moves close to said base 
member. 

8. The flow control valve assembly as set forth in claim 
2 wherein said barrel (10A) is formed with a pair of 
wire guides (1 5) in addition to said anchor members 
(1 2A) so that said at least one wire winds round said 
guides as well as said catch members (35A) to ex- 
tend around said barrel and said valve body by one 
complete turn. 

9. The flow control valve assembly as set forth in claim 

2, wherein said valve body (10B; 10C) is formed 
with a plurality of turnaround members (17, 18; 17C, 
1 8C) in addition to said anchor member (1 2B; 1 2C) 
so that said at least one wire (60B; 60C) winds 
round said turnaround members between the oppo- 
site ends thereof, said turnaround members being 
spaced circumferentially around said barrel. 

1 0. The flow control valve assembly as set forth in claim 
5, wherein said barrel (1 OF) is formed with a retainer 
extension (38) which receives therearound said 
spring (50F) in the form of a coil spring in such a 
manner as to Isolate said coil spring from said base 
member (20F). 

1 1 . The flow control valve assembly as set forth in claim 

I, wherein said barrel (10F) is formed in its outer 
surface with a groove (16) for passing therethrough 
said wire (60F). 

1 2. The flow control valve assembly as set forth in claim 

II, wherein said barrel (10F) includes a protective 
extension (19) which extends axially beyond an ax- 
ially outward end of said valve body (30F). 

13. The flow control valve assembly as set forth in claim 
1 , including a finger (40) for limiting a rotation of said 
valve body (30F) relative to said barrel (10F) about 
an axis of said barrel. 

14. The flow control valve assembly as set forth in claim 
1, including a latch (41) which restricts the axial 
movement of said valve body (30F) relative to said 
base member (20) within a predetermined range. 

1 5. The flow control vaive assembly as set forth in claim 
1, wherein said outlet (34F) is formed in said valve 
body (30F) and open to the exterior of said valve 
body at a portion staggered with the wire (60F) 
passing over said vaive body, said outlet communi- 
cating with said valve opening through an axial path 
(37F) formed between said valve body and said bar- 
rel (10F). 



Patentanspruche 

1. Durchfluliregelventilanordnung, die umfaBt: 

5 - eine Trommel (10) mit einer axialen Bohrung 

(11). innerhalb der ein innerer Durchflufiweg fur 
ein Fluid gebildet ist. der sich von einem Einla8 
(23) 2 U einem AuslaR (34) erstreckt; 
ein Basiselement (20), das an einem axialen 
10 Ende der Trommel angeordnet ist, 

ein Ventilkorper (30). der in dem anderen axia- 
len Ende der Trommel gehalten ist. wobei der 
Ventilkorper so mit dem Basiselement zusam- 
menwirkt, da8 zwischen diesen eine Ventiloff- 
15 nung im Verlauf des inneren Durchfluliweges 

definiert wird, wobei der Ventilkorper axial in 
Richtung auf das Basiselement und von die- 
sem weg bewegbar Ist, so daB die Ventiloff- 
nung zum Regulleren des Flusses des Fluids 
20 durch den internen Durchflufiweg variiert wird; 

eine Vorspannfeder (50), die den Ventilkorper 
zum Variieren der Ventildffnung in eine Rich- 
tung druckt; 

wenigstens ein Draht (60) aus eine Legierung 
25 mit Formgedachtnis, der den Ventilkorper mit 

der Trommel verbindet, um als Reaktion auf ei- 
ne thermische Deformation eine Kraft fur eine 
Bewegung des Ventilkorpers gegen die Vor- 
spannfeder auszuuben. um die Ventiloffnung 
30 zu variieren, wobei der Draht an seinem gegen- 

uberliegenden Ende mit einem AnschluS (61) 
ausgebildet ist, mit dem der Draht mit einer 
elektrischen Quelle zum Erhitzen des Drahtes 
verbunden Ist, um die thermische Deformation 
35 hervorzurufen; 

wobei die Trommel mit wenigstens einem Ver- 
ankerungselement (1 2) fur einen Eingriff mit ei- 
nem Ende des wenigstens einen Drahtes ver- 
sehen ist; 

40 

dadurch gekennzeichnet, dafi 

der Ventilkorper mit rnehr als einem Befesti- 
gungselement (35) fur einen Eingriff mit ande- 
45 ren Bereichen des wenigstens einen Drahtes 

versehen ist; und 

- das Verankerungselement (1 2) auf der Aufien- 
seite der Trommel und in solch einem Bereich 
angeordnet ist, da8 sich der Draht zwischen 
50 der Trommel und dem Ventilkorper auRerhalb 

der Trommel erstreckt. so dafi er mit einem 
Hiauptbereich der Trommel langs der axialen 
Ausdehnung der Trommel uberlappt. 

55 2. Durchfluliregelventilanordnung nach Anspruch 1, 

wobei die Trommel (10; 10A; 10B; IOC; 10E; 10F) 
mit einem Paar Verankerungselementen (12; 12A; 
12B; 12C; 12E; 12F) zum sicheren Befestigen der 
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gegenuberliegenden Enden des wenigstens einen liegenden Seiten erstreckt, wobei die Elemente zur 

Drahtes 60. (60; 60A; 60B; 60C; 60E; 60F) verse- Richtungsanderung urn den Umfang der Trommel 

hen ist, wobei der Ventilkorper mrt einem Paar der mit Abstand voneinander angeordnet sind. 

Befestigungselemente (35; 35A; 35B; 35C; 35E; 



35F) in Bezug auf den wenigstens einen Draht so 
versehen ist, daH der Draht um die Befestigungs- 
elemente gewickelt ist, wobei die gegenuberliegen- 
den Enden des Drahtes mit den Vera nke rungs el e- 
menten fest verbunden sind. 

3. DurchfluBregelventilanordnung nach Anspruch 1, 
wobei zwei Drahte (60D; 60G) mit ihren gegenuber- 
liegenden Enden entsprechend mit den Veranke- 
rungselementen (12D; 12G) und den Befestigungs- 
elementen (35D; 35G) verbunden sind. so da6 sie 
sich zwischen diesen erstrecken. 

4. Durchfluliregelventilanordnung nach Anspruch 1, 
wobei die Befestigungselemente eine thermische 
Leitfahigkeit aufweisen, die geringer ist ats die des 
Ventilkorpers. 

5. Durchfludregetventilanordnung nach Anspruch 1, 
wobei das Basiselement (20) uber ein Gewinde mit 
der Trommel (10) in Eingriff steht, um eine axiale 
Position des Basiselements relativ zu dem Ventil- 
korper fur eine Einstellung der Ventiloffnung zu va- 
riieren. 

6. Durchflufiregelventilanordnung nach Anspruch 1, 
wobei das Basiselement (20) mit einem Aufnahme- 
fortsatz (26) ausgebildet ist, um den die Vorspann- 
feder (50) in der Form einer Schraubenfeder ange- 
palit ist. 

7. Durchfluflregelventilanordnung nach Anspruch 1, 
wobei der Ventilkorper (30) mit einem Dichtungs- 
ring (46) versehen ist, der in einem festen Kontakt 
mit dem Basiselement (20) kommt, um die Ventil- 
offnung zu schlielien, wenn sich der Ventilkorper 
dem Basiselement annahert. 

8. DurchfluBregelventilanordnung nach Anspruch 2, 
wobei die Trommel (10A) mit einem Paar Drahtfuh- 
rungen (15) zusatzlich zu den Ankereiementen 
(12A) versehen ist, so daCi sich der wenigstens eine 
Draht sowohl um die Fuhrungen als auch um die 
Befestigungselemente (35A) wickelt, so dafi ersich 
um eine vollstandige Umdrehung um die Trommel 
und den Ventilkorper erstreckt. 

9. DurchfluSregelventilanordnung nach Anspruch 2, 
wobei der Ventilkorper (1 OB; 1 0C) mit einer Vielzahl 
von Segmenten (17; 18, 17C, 18C) fur eine Rich- 
tungsanderung zusatzlich zu dem Verankerungs- 
element (1 2B; 1 2C) versehen ist, so daB der wenig- 
stens eine Draht (60B; 60C) sich um die Elemente 
zu Richtungsanderung zwischen deren gegenuber- 



5 10. DurchfluBregelventilanordnung nach Anspruch 5, 

wobei die Trommel (10F) mit einem Aufnahmefort- 
satz (38) versehen ist. der um ihn herum die Feder 
(50F) in der Form einer Schraubenfeder in solch ei- 
ner Weise aufnimmt, dali die Schraubenfeder von 
10 dem Basiselement (20F) isoliert ist. 

11. Durchfluliregelventilanordnung nach Anspruch 1, 
wobei die Trommel (10F) an ihrer AuGenseite mit 
einer Nut (16) fur eine Durchfuhrung des Drahts 

15 (60F) versehen ist. 

12. DurchfluGregelventilanordnung nach Anspruch 11, 
wobei die Trommel (10F) eine Schutzverlangerung 
(19) umfaGt, die sich axial uber ein axial auGeres 

20 Ende des Ventilkorpers (30F) erstreckt. 

13. DurchfluGregelventilanordnung nach Anspruch 1, 
die einen Finger (40) fur eine Begrenzung einer Ro- 
tation des Ventilkorpers (30F) relativ zu der Tfom- 

25 mel (10F) um eine Achse der Trommel umfaGt. 

14. DurchfluGregelventilanordnung nach Anspruch 1, 
die ferner einen Riegel (41) umfaGt, der die axiale 
Bewegung des Ventilkorpers (30F) relativ zu dem 

30 Basiselement (20) innerhalb eines vorbestimmten 
Bereiches einschrankt. 

15. DurchfluGregelventilanordnung nach Anspruch 1, 
wobei der AuslaG (34F) in dem Ventilkorper (30F) 

35 ausgebildet ist und zu dem AuGenbereich des Ven- 
tilkorpers an einem Bereich geoffnet ist. der mit dem 
Draht (60F), der uber den Ventilkorper verlauft, ge- 
staffelt angeordnet ist, wobei der AuslaG mit der 
Ventiloffnung uber einen axialen Weg (37F) in Ver- 
40 bindung steht, der zwischen dem Ventilkorper und 
der Trommel (10F) gebildet ist. 

Revendications 

45 

1. Ensemble de soupape de commande de d§bit 
comprenant : 

un barillet (1 0) comportant un alesage axial (11) 
50 a I'interieur duquel un trajet d’ecoulement inter- 

ne, est forme pour s'etendre depuis un orifice 
d’entr^e (23) jusqu’^ un orifice de sortie (34) ; 

un element de base (20) dispose a une premia 
55 re extr^mite axiale dudit barillet, 

un corps de soupape (30) maintenu dans 
Tautre extremite axiale dudit barillet, ledit corps 
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de soupape cooperant avec ledit element de 
base pour deflnir entre ceux-ci une ouverture 
de soupape dans !e chemin dudit trajet d'ecou- 
lement interne, ledit corps de soupape pouvant 
se deplacer axialement vers et a l'oppos6 de 
I’element de base pour faire varier ladite ouver- 
ture de soupape pour r^guler I'ecoulement du 
fluide ^ travers ledit trajet d'ecoulement 
interne ; 

un ressort de sollicitation (50) qui pousse ledit 
corps de soupape pour faire varier ladite ouver- 
ture de soupape dans une direction ; 

au moins un fil en alliage a memoire de forme 
(60) qui connecte ledit corps de soupape audit 
barillet pour exercer, en r6ponse ^ la deforma- 
tion thermique, une force de deplacement dudit 
corps de soupape centre ledit ressort de solli- 
citation pour faire varier I’ouverture de soupa- 
pe, ledit fil forme sur ses extremites opposees 
avec une borne (61 ) par lequel le fil est connec- 
te ^ une source electrique pour chauffer ledit fil 
pour procurer ladite deformation thermique ; 

ledit barillet etant prevu avec un element d'an- 
crage (12) pour mettre en prise une extremite 
dudit au moins un fil ; 

caract^rise en ce que 

ledit corps de soupape est prevu avec plus 
qu'un element de capture (35) pour mise en pri- 
se avec d’autres parties dudit au moins un fil ; et 

ledit element d’ancrage (12) est dispose a I'ex- 
t^rieur dudit barillet et a une telle partie que 
I’edifice s'etire entre ledit barillet et ledit corps 
de soupape ^ I’exterieur dudit barillet pour che- 
vaucher une partie principale dudit barillet ie 
long de la longueur axiale dudit barillet. 

2. Ensemble de soupape de commande de debit selon 
la revendication 1, dans lequel ledit barillet (10; 
10A ; 10B ; IOC ; 10E ; 10F) est prevu, avec une 
paire desdits Elements d'ancrage (12 ; 12A ; 12B ; 
1 2C ; 1 2E ; 1 2F) pour fixer les extremites oppos6es 
d’au moins un fil (60 ; 60A ; 60B ; 60C ; 60E ; 60F), 
ledit corps de soupape 6tant muni d'une paire des- 
dits elements de capture (35 ; 35A ; 35B ; 35C ; 
35E ; 35F) par rapport audit au moins un fil de sorte 
que ledit fil est enrouie autour desdits Elements de 
capture, les extremites oppos§es dudit fil 6tant 
fixees auxdrts §l6ments de capture. 

3. Ensemble de soupape de commande de debit selon 
la revendication 1 , dans lequel deux fils (60D ; 60G) 
sont fixes au niveau de leurs extremites opposees 



respectivement auxdits elements d’ancrage (12D ; 
12G) et auxdits elements de capture (35D ; 35G) 
de fagon a s'etirer entre ceux-ci. 

5 4. Ensemble de soupape de commande de debit selon 

la revendication 1. dans lequel lesdits elements de 
capture pr§sentent une conductivite thermique in- 
ferieure a celle dudit corps de soupape. 

10 5. Ensemble de soupape de commande de debit selon 
la revendication 1 . dans lequel ledit element de ba- 
se (20) est engage par filet avec ledit barillet (10) 
afin de faire varier une position axiale de I’element 
de base par rapport audit corps de soupape pour 

15 ajuster ladite ouverture de soupape. 

6. Ensemble de soupape de commande de debit selon 
la revendication 1, dans lequel ledit element de ba- 
se (20) est forme avec une extension de retenue 
(26) autour de laquelle ledit ressort de sollicitation 
(50) sous la forme d'un ressort helicoTdal s'ajuste. 

Ensemble de soupape de commande de debit selon 
la revendication 1 . dans lequel ledit corps de .sou- 
pape (30) est prevu avec une bague d'etancheite 
(46) qui vient en contact etanche avec ledit element 
de base (20) pour fermer ladite ouverture de sou- 
pape lorsque ledit corps de soupape se deplace a 
proximite dudit element de base. 

Ensemble de soupape de commande de debit selon 
la revendication 2, dans lequel ledit barillet (10A) 
est forme avec une paire de guides de fil (15) en 
plus desdits elements d'ancrage (12A), de sorte 
que ledit au moins un fil s'enroule autour desdits 
guides de meme que desdits elements de capture 
(35A) pour s'etendre autour dudit barillet et dudit 
corps de soupape en un tour complet. 

40 9, Ensemble de soupape de commande de debit selon 
la revendication 2, dans lequel ledit corps de sou- 
pape (1 OB ; 1 0C) est forme avec une plurality d'ele- 
ments d'enroulement (17, ,18 ; 17C, 18C) en plus 
dudit element d'ancrage (12B ; 12C) de sorte que 

45 ledit au moins un fil (60B ; 60C) s'enroule autour 
desdits Elements d’enroulement entre les extr6mi- 
tes oppos6es de ceux-ci, lesdits Elements d’enrou- 
lement 6tant espaces circonferenciellement autour 
dudit barillet. 

50 

1 0. Ensenrible de soupape de commande de d^bit selon 
la revendication 5, dans lequel ledit barillet (10F) 
est forme avec une extension de retenue (38) qui 
regolt autour de celle-ci ledit ressort (50F) sous la 

55 forme d’un ressort hdlicoTdal d’une maniere telle a 
isoler ledit ressort helicoidal dudit element de base 
(20F). 



20 
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1 1 . Ensemble de soupape de commande de debit selon 
la revendication 1, dans lequel ledit barillet (10F) 
est forme dans sa surface externe avec une rainure 
(16) pour faire passer dans ce!le-ci ledit fil (60F). 

12. Ensemble de soupape de commande de debit selon 
la revendication 11. dans lequel ledit barillet (10F) 
inclut une extension de protection (19) qui s'etend 
axialementau-del^ d'une extremite axialement vers 
I’exterieur dudit corps de soupape (30F). 

13. Ensemble de soupape de commande de debit selon 
la revendication 1 , incluant un doigt (40) pour limiter 
une rotation dudit corps de soupape (30F) par rap* 
port audit barillet (10F) autour d'un axe dudit ba- 
rillet. 

14. Ensemble de soupape de commande de debit selon 
la revendication 1 , incluant un loquet (41) qui limite 
le deplacement axial dudit corps de soupape (30F) 
par rapport audit element de base (20) ^ I'interieur 
d'une plage predeterminee. 

1 5. Ensemble de soupape de commande de debit selon 
la revendication 1 , dans lequel ledit orifice de sortie 
(34F) est forme dans ledit corps de soupape (30F) 
et s'ouvre a I’exterieur dudit corps de soupape au 
niveau d'une partie etagee, le fil (60F) passant sur 
ledit corps de soupape, ledit orifice de sortie com- 
municant avec ladite ouverture de soupape a tra- 
vers un trajet axial (37F) forme entre ledit corps de 
soupape et ledit barillet (10F). 
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